Three experiments were conducted to determine the effect of incremental levels of red blood cells (RBC; 0 to 4%, Exp. 1; 0 to 2%, Exp. 2 and 3) on growth performance and carcass traits of finishing pigs. Dietary treatments were formulated to meet or exceed the nutrient requirements of barrows and gilts gaining 350 g of lean BW gain per day and were formulated to contain 0.52% apparent ileal digestible (AID) Lys for barrows and 0.59% AID Lys for gilts. In Exp. 1, barrows and gilts (2 replicates of barrows and 2 of gilts; 4 pigs per pen) were fed 0, 1, 2, 3, or 4% RBC. Initial BW (mean ± SD) was 84.6 ± 4.9 and 82.42 ± 4.8 kg, and final BW was 118.7 ± 6.5 and 120.0 ± 9.6 kg for barrows and gilts, respectively. Two barrows and 2 gilts per pen were randomly selected and slaughtered for collection of carcass measurements. Experiment 2 was similar to Exp. 1, except 0, 1, or 2% RBC were added. Initial BW was 82.5 ± 6.4 and 79.2 ± 7.0 kg, and final BW was 125.5 ± 6.2 and 119.8 ± 8.8 kg for barrows and gilts, respectively. Each dietary treatment had 4 replicates per sex with 4 pigs per pen. One barrow and 1 gilt per treatment replicate were randomly selected and slaughtered for collection of carcass traits and viscera weights. Experiment 3 was similar to Exp. 2 except only barrows were used, and the initial and final BW were 86.0 ± 5.7 and 133.4 ± 8.4 kg, respectively. Each dietary treatment had 4 replicates with 3 pigs per pen, and all pigs were slaughtered for collection of carcass traits and viscera weights. In Exp. 1, final BW, ADG, and G:F were decreased linearly (P < 0.01 to 0.10) as RBC addition increased, but ADFI was not affected. With increased RBC addition, average backfat increased (P < 0.09) and fat free lean decreased (P < 0.04). There was a quadratic effect (P < 0.04) on dressing percentage (DP); the 2% RBC addition increased DP, but the 3 and 4% additions decreased DP. The RBC addition had no effect (P > 0.10) on any remaining carcass measurements. In Exp. 2, there was a quadratic effect (P < 0.07) of RBC addition on average backfat; the 1% RBC addition decreased backfat, but the 2% addition returned backfat to the level of the control pigs. There was no effect (P > 0.10) on any other response variable. In Exp. 3, with increased RBC addition, average backfat linearly decreased (P < 0.04) and large intestine percentage increased (P < 0.09). There was no effect of RBC addition (P > 0.10) on any other response variable. Our data indicate that feeding 3 or 4% RBC decreases growth performance of finishing pigs. However, feeding 1 or 2% RBC to finishing pigs had no detrimental effects on growth performance and increased DP in one experiment.
INTRODUCTION
Increasing feed costs and the need to improve efficiency of livestock production has caused nutritionists to consider alternative protein sources and increasing use of supplemental AA in diets. Blood products (blood meal and red blood cells; RBC), which are by-products of the slaughter industry, are commercially available to producers and are widely utilized in nursery pig diets (Wahlstrom and Libal, 1977; Kats et al., 1994; DeRouchey et al., 2002; Kerr et al., 2004b) . The main disadvantage of utilizing blood products is the low concentration of Ile (NRC, 1998; DeRouchey et al., 2002) . The inclusion of RBC in diets, with their elevated content of Lys, results in a corresponding reduction of soybean meal (SBM) and a further decrease in dietary Ile. Thus, Ile supplementation to a diet containing RBC is critical to maintain growth performance of swine (Parr et al., 2003 (Parr et al., , 2004 Kerr et al., 2004a; Dean et al., 2005) .
A possible advantage of utilizing RBC products is their relatively high concentrations of Leu (DeRouchey et al., 2002) . Researchers recently reported that infusion of rats (Garlick and Grant, 1988; Garlick, 2005) and neonatal pigs (Escobar et al., 2005 (Escobar et al., , 2007 with Leu resulted in increased muscle protein synthesis. Researchers also have evaluated the effects of excess dietary Leu on carcass characteristics and fat content of muscle of finishing pigs (Cisneros et al., 1996; Hyun et al., 2003; Yu et al., 2007) . Because RBC are high in Leu and readily accessible to producers, they may be an economical protein source in diets and also may have positive effects on muscle accretion because of the increase in Leu in swine diets. Therefore, the purpose of this research was to determine the effects of incremental levels of RBC in corn-SBM diets on growth performance and carcass characteristics of finishing pigs.
MATERIALS AND METHODS
All methods used in these experiments were approved by the Louisiana State University (LSU) Agricultural Center Animal Care and Use Committee.
Yorkshire, Yorkshire × Landrace, or Yorkshire × Landrace × Duroc pigs from the LSU Agricultural Center Swine Unit (Baton Rouge) were used in all experiments. Pigs were housed in an open-sided building with 1.5 × 3.0-m pens and concrete-slotted floors. Pigs were allotted to dietary treatments based on sex, initial BW, and ancestry in randomized complete block designs.
Dietary treatments were formulated to meet or exceed the nutrient requirements of barrows and gilts gaining 350 g of lean BW gain per day (NRC, 1998) and were formulated to contain 0.52% apparent ileal digestible (AID) Lys for barrows and 0.59% AID Lys for gilts. The total AA values for corn, RBC, and SBM were from NRC (1998) and the digestibility values for corn and SBM were from NRC (1998), but the digestibility values for RBC were from APC Inc. (Ankeny, IA). Diets were formulated on an AID basis because AA digestibility coefficients for RBC were only available on an AID basis (APC Inc.). All diets were formulated to contain 0.50% Ca and 0.45% total P (NRC, 1998). Diet samples for AA analyses were first degassed and then subjected to hydrolysis for 16 h at 115°C with 6.0 M HCl under N atmosphere in furnaced 13 × 100 mm glass tubes equipped with Teflon-lined lined screw caps [AOAC, 2005; method 982 .30 E (a)]. Total sulfur AA composition in the diets was determined after performic acid oxidation followed by acid hydrolysis [AOAC, 2005; method 982.30 E(b) ]. Tryptophan was determined after alkaline hydrolysis [AOAC, 2005; method 982.30 E(c) ]. Separation and analysis of the AA was performed on a Hitachi L8800 AA Analyzer (Schaumburg, IL) equipped with a high performance cation exchange column with AA detection accomplished with post-ninhydrin derivatization. Norleucine was utilized as the internal standard.
Experiment 1 was conducted to determine the effects of dietary RBC on finishing barrow and gilt growth and carcass characteristics. Forty barrows and 40 gilts with an average initial BW of 84.6 ± 4.9 and 82.4 ± 4.8 kg and final BW of 118.7 ± 6.5 and 120.0 ± 9.6 kg, respectively, were used. The 5 dietary treatments were a corn-SBM control with 0, 1, 2, 3, or 4% RBC (Table  1) . Each dietary treatment contained 2 replicates of barrows and 2 replicates of gilts with 4 pigs per replicate pen. Two pigs per pen were randomly selected and slaughtered for collection of carcass traits on d 43 (barrows) and 50 (gilts) of the experiment. Pigs were killed by jugular puncture after electrical stunning at the LSU Agricultural Center Meats Laboratory. Carcass traits and fat and lean content from total body electrical conductivity (TOBEC; model MQI-27, Meat Quality Inc., Springfield, IL) were determined as described by Higbie et al. (2002) . Kilograms of fat-free lean and percentage muscling also were determined as described by NPPC (2000) .
Experiment 2 was similar to Exp. 1, except 0, 1, and 2% RBC were added (Table 1) . Forty-eight barrows and 48 gilts with an average initial BW of 82.5 ± 6.4 and 79.2 ± 7.0 kg and final BW of 125.5 ± 6.2 and 119.8 ± 8.8 kg, respectively, were used. Each dietary treatment contained 4 replicates of barrows and 4 replicates of gilts with 4 pigs per replicate pen. Before the beginning of the experiment, all pigs received the same finishing diet and blood samples were collected on d 0 (baseline) at 0700 h and again on d 34. Blood was collected via vena cava puncture and placed in 10-mL tubes containing sodium heparin (BD Vacutainer, Franklin Lakes, NJ). Samples were placed on ice before centrifugation at 3,000 × g at 0°C for 20 min. Plasma was collected and samples were frozen until analysis for plasma urea N (PUN). One barrow and 1 gilt per treatment replicate were randomly selected and slaughtered for collection of carcass traits on d 38 for 2 replicates, and on d 62 for the other 2 replicates. The pigs were killed and slaughtered as in Exp. 1, except TOBEC data were collected on only 2 replicates due to mechanical complications. On the day of slaughter, viscera from each carcass was collected for empty viscera weights. For the empty viscera weights, the gastrointestinal tract was separated into the stomach, small intestine, large intestine, spleen, and colon. The remaining mesentery, bladder, and fat were weighed together, and the heart, lungs, gall bladder, and liver were weighed together and recorded.
Experiment 3 was similar to Exp. 2 except only barrows were used. Thirty-six barrows with an average initial and final BW of 86.0 ± 5.7 and 133.4 ± 8.4 kg, respectively, were used. The 3 dietary treatments were 0, 1, and 2% RBC (Table 1) . Each dietary treatment contained 4 replicates with 3 pigs per replicate pen. Pigs were bled, slaughtered, and data collected the same as in Exp. 2, except that all pigs were slaughtered on d 49, and 2 pigs per pen were randomly selected for collection of empty viscera weights.
Statistical Analysis
Data were analyzed by ANOVA procedures using the GLM procedure (SAS Inst. Inc., Cary, NC) as randomized complete block designs. Experiment 1 was a 2 × 5 factorial arrangement, and Exp. 2 was a 2 × 3 factorial arrangement with the factors being sex and RBC level. In all experiments, initial BW was the blocking factor. There were no sex × treatment interactions in any experiment; therefore, the sex × treatment interaction was removed from the model and the data were re-analyzed. Because of the lack of sex × treatment interactions, data in all experiments were pooled over sex and only the main effect of RBC addition is presented. The pen of pigs was the experimental unit for all data. The initial PUN was used as a covariate for final PUN values for Exp. 2 and 3. Orthogonal contrasts appropriate for factorially arranged experiments were used in all 3 experiments. Linear and quadratic effects of RBC were determined in all experiments. An α level of 0.10 was used to determine treatment differences.
RESULTS
The diets were analyzed for AA, and the expected total and analyzed levels of Lys are presented in Table   Table 1 . Composition of corn-soybean meal diets with incremental levels of red blood cells (0, 1, 2, 3, or 4%) A basal diet was mixed for each sex to contain the minimum of all ingredients except for red blood cells, soybean meal, l-Trp, l-Ile, l-Thr, and dl-Met, and additional ingredients were added to each diet as needed. Red blood cells in diets for finishing pigs 1. The analyzed values of Lys agree closely in all diets with the expected levels of Lys, and within the small deviations, there is no trend to suggest that the levels of Lys in the ingredients were different than the values used in the diet formulations.
In Exp. 1 (Table 2) , final BW, ADG, and G:F decreased linearly (P < 0.01 to 0.10) as RBC addition increased from 0 to 4%, but ADFI was not affected by RBC addition. Hot carcass weight decreased linearly (P < 0.01) and quadratically (P < 0.06) with increasing RBC; the 1 and 2% RBC had little effect on HCW, but the 3 and 4% additions decreased HCW. Average backfat increased linearly (P < 0.09) and quadratically (P < 0.06) as RBC addition increased from 0 to 4%. The 1% addition increased average backfat, but greater levels of RBC addition had no further effect. There was a quadratic effect (P < 0.04) on dressing percentage as RBC inclusion increased. Dressing percentage was increased by the 2% RBC addition and decreased by the 3 and 4% addition. There was a linear decrease in weight of fat-free lean calculated from both NPPC (P < 0.04) and TOBEC (P < 0.03) with increased RBC addition. There was no effect (P > 0.10) of RBC inclusion on LM area (LMA), 10th-rib backfat, carcass length, and percent muscling; or total fat, lean:fat, percent lean, or percent fat as determined by TOBEC. In Exp. 2 (Table 3) , there was a quadratic effect (P < 0.07) of RBC addition on average backfat. Average backfat decreased at the 1% RBC addition, but returned to the level of the control at the 2% addition. Increasing RBC addition from 0 to 2% did not affect (P > 0.10) final BW, ADFI, G:F, HCW, LMA, 10th-rib backfat, carcass length, dressing percent, percent muscle, fat-free lean from NPPC and TOBEC, TOBEC total fat, lean:fat, percent lean, and percent fat, organs, and empty viscera sections. Plasma urea N decreased linearly (P < 0.02) with increasing levels of RBC. There was a significant sex (barrow vs. gilt) effect (P < 0.01 to 0.08) on initial BW (82. In Exp. 3 (Table 4) , average backfat linearly decreased (P < 0.04) and large intestine percent increased (P < 0.09) as RBC increased in the diet. There were Data are means of 2 replicates of barrows and 2 replicates of gilts with 4 pigs per pen. Sex × treatment interaction was not significant (P > 0.10); therefore, it was removed from the model. Calculated using total body electrical conductivity (TOBEC) analysis with equations from Higbie et al. (2002). no effects (P > 0.10) of RBC addition on final BW, ADG, ADFI, G:F, HCW, LMA, 10th-rib backfat, carcass length, dressing percent, stomach, small intestine, colon, spleen, and intestinal fat percent, percent muscling, fat-free lean calculated from NPPC and TOBEC equations, TOBEC total fat, lean:fat, percent lean, percent fat, and PUN.
DISCUSSION
The objective of this research was to evaluate the effect of adding incremental levels (0 to 4%) of RBC to finishing pig diets on growth performance and carcass traits. Red blood cells may be an economical source of protein for swine diets. In Exp. 1, increasing levels of RBC decreased final BW, ADG, and G:F. Due to the linear decrease in final BW, there was a linear and quadratic decrease in HCW, which resulted in a linear decrease in fat-free lean calculated from NPPC and TOBEC equations. There was an increase in average backfat and an increase in dressing percentage with increasing RBC levels. There were no other effects of RBC addition on the remaining carcass traits. Increasing RBC in the diets results in a slight increase in Leu in the diet. The increase in average backfat is consistent with Leu effects on increased lipid precursors (Cisneros et al., 1996; Hyun et al., 2003; Yu et al., 2007 ), but we would also expect an increase in 10th-rib backfat and total fat of the carcass, which did not occur. The increase in dietary Leu (from 0.02 to 0.08% of the diet) from RBC addition was far less than 2% addition used by the previous researchers.
Experiment 2 was conducted to re-evaluate the effects of RBC on the increase in dressing percentage that was observed in Exp. 1. Because of the decreased growth performance of pigs fed diets containing 3 and Data are means of 4 replicates of barrows and 4 replicates of gilts with 4 pigs per pen. Sex × treatment interaction was not significant (P > 0.10); therefore, it was removed from the model. Calculated using total body electrical conductivity (TOBEC) analysis with equations from Higbie et al. (2002). 5 Consists of the heart, lungs, gall bladder, and liver.
Red blood cells in diets for finishing pigs 4% RBC in Exp. 1, the greatest inclusion level of RBC used in Exp. 2 was 2%. Increasing RBC addition from 0 to 2% did not affect growth performance, carcass traits, or responses calculated from NPPC and TOBEC equations except for a quadratic effect on average backfat thickness. Because the RBC addition increased dressing percentage in Exp. 1, viscera weights were determined in Exp. 2 because if dressing percentage increases, noncarcass components, or viscera, must decrease. However, in this experiment, there was no effect of RBC addition on dressing percentage or viscera weights.
The results of Exp. 3 were similar to Exp. 2. Increasing RBC addition from 0 to 2% did not affect growth performance, carcass traits, or responses calculated from NPPC or TOBEC equations except for the following: a linear decrease on average backfat and a linear increase in large intestine percentage. These results are similar to those of Exp. 2, except for the decrease in average backfat, which was not observed in previous experiments.
The sex effects followed the general trend expected for barrows and gilts. For Exp. 2, in which gilts were leaner and grew more efficiently than barrows, barrows were heavier and consumed more feed. In Exp. 1, the sex effects for feed intake and gain were not observed.
Plasma urea N is widely used as a tool for determining protein utilization (Knowles et al., 1997; Guzik et al., 2002) . In Exp. 2 and 3, PUN was used to determine the effect of the addition of RBC. In Exp. 2, PUN was linearly decreased for pigs fed RBC. This change in PUN was due to a decrease in the level of CP as the level of RBC increased. A similar response was observed in Exp 3, but the effect was not significant. Dean et al. (2005) fed a diet containing 5% RBC with supplemental Ile and reported that growth performance as well as 10th-rib backfat and LMA were not affected by 5% RBC + Ile compared with pigs fed the control. Our results show a linear decrease in ADG and G:F with up to 4% RBC and with Ile supplementation. The Ile:Lys ratio used in our experiment was 0.56. The Calculated using the equation for ribbed carcasses described by the NPPC (2000).
4
Calculated using total body electrical conductivity (TOBEC) analysis with equations from Higbie et al. (2002). 5 Consist of the heart, lungs, gall bladder, and liver. Frugé et al. results from Dean et al. (2005) indicate that the ideal Ile:Lys ratio to maximize growth performance in finishing pigs fed 5% RBC is greater than 0.56. Therefore, in Exp. 1, the decrease in growth performance for 3 and 4% RBC was probably due to a deficiency of Ile.
Dietary RBC addition results in a slight increase in the dietary Leu content. Cisneros et al. (1996) reported that supplementing a finishing diet with 2% crystalline Leu (1.03 vs. 3.03% total Leu) had no effect on growth performance, carcass length, 10th-rib backfat, or muscle fat content. Hyun et al. (2003) also reported that 2% supplemental Leu added to diets of barrows and gilts did not affect HCW, dressing percent, carcass fat depths, and LMA. However, 2% Leu supplementation decreased BW gain and increased intramuscular fat. Recently, Yu et al. (2007) reported that feeding a combination of Leu and CLA had no effect on growth performance, carcass length, average backfat, or LMA. Based on the results from these studies, there is an indication that 2% Leu (total Leu >3%) addition to the diet of finishing pigs does not affect LMA, HCW, 10th-rib backfat, carcass length, and dressing percent. Our data are in agreement with these reports in that RBC addition, which results in a slight increase in dietary Leu, does not affect carcass traits other than an increased dressing percentage in one experiment but not in 2 others.
In summary, the results of this research suggest that feeding 3 or 4% RBC, including Ile supplementation, causes a decrease in growth performance. However, feeding 1 or 2% RBC in the diets of finishing pigs causes no detrimental effects on growth performance or carcass traits.
